Introduction
The "Yili Block" represents a triangular shape sandwiched within the Tianshan Belt and widening westwards into Kazakhstan and Kyrgyzstan ( Fig. 1a ; [1] ). It is considered as a microcontinent with a Precambrian basement separating the Tianshan Belt into northern and southern branches [2] [3] [4] [5] . The Yili Block, therefore, occupies an important position for the understanding of the tectonic evolution of the Tianshan Belt. It is widely accepted that the Tianshan Belt is a Paleozoic orogenic belt due to multiphase accretion and amalgamation of various micro-continents, and magmatic arcs [6] [7] [8] [9] . However, there are still controversies on procedures of amalgamation and chronological constraints. The Paleozoic Tianshan Belt is considered to be formed by subduction-collision processes [2] [3] [10] [11] , i.e. the Yili Block and the Central Tianshan microcontinents (Fig. 1b) were rifted from the Tarim Plate in the Cambrian, and were re-accreted to Tarim during Ordovician to Early Carboniferous due to the multiphase subduction of oceanic crust. A southward subduction of an oceanic crust beneath the Yili Block during the Late Devonian to the Late Carboniferous terminated the convergent phases of mountain building in the Tianshan Belt. Nevertheless, some authors considered the Tianshan Belt as a part of the Altaids, which was mainly produced by strike-slip faulting [12] [13] . Recently, some workers suggested that an oceanic crust existed in the southern Tianshan until the end of Permian on the basis of radiolarians found in South Tianshan Accepted in Earth Planetary Science Letter ophiolitic mélange [14] [15] . Besides, a Late Carboniferous to Early Permian continental rifting is also proposed according to geochemical and isotopic studies on the volcanic rocks in the Tianshan Belt [16] . These results suggest a divergent tectonics and a subsequent renewed convergence in the Tianshan area from Carboniferous to Permian, and therefore arise a controversy on the final evolution of the Tianshan Belt.
In addition, Permian transcurrent faulting is widely observed, especially ductile strike-slip faults are geologically well documented in the whole northern Xinjiang area [5, [17] [18] [19] [20] , including two main dextral strike-slip faults along the northern and the southern sides of the Tianshan Belt, and a sinistral strike-slip fault, the Erqishi Fault, in the Altay Belt. However, the southern fault of the Tianshan Belt was previously interpreted as a sinistral strike-slip fault [12, 21] , which is also suggested on the basis of a significant westward deflection of magnetic declination [22] [23] , but this is not consistent with the geological and kinematic observations from Chinese Tianshan area [24] [25] , where no paleomagnetic data are available up to now to constrain this event and consequent lateral displacement.
In order to improve the understanding of the final orogenic procedures, this paleomagnetic study was carried out on Ordovician to Permian rocks from the Yili Block. The comparison of paleomagnetic data from this study with the previous results from Junggar, Tarim and Siberia blocks will better constrain the tectonic evolution of the Chinese Tianshan Belt during the Late Paleozoic time. 
Geological setting and paleomagnetic sampling
The Western Chinese Tianshan Belt is divided into several subunits, namely North Accepted in Earth Planetary Science Letter Tianshan domain, Bole Block, Yili Block, Central Tianshan domain and South Tianshan mélange zone (Fig. 1b ). In the Yili Block, the Precambrian basement is composed of Meso-to Neoproterozoic carbonates, clastic rocks and amphibolite facies metamorphic rocks developing along its northern and southern boundaries [26] [27] . Early Paleozoic rocks consist of Cambrian to Ordovician carbonates and clastic rocks, and Silurian flysch in north of Yining area (Fig. 2a ).
The Devonian is mainly represented by terrigeneous rocks and arc-derived granitoids.
The Lower Carboniferous is, a ca. 3,500 m thick series of limestone, sandstone and shale with subordinate volcanic rocks, and the Upper Carboniferous consists of limestone intercalated with volcanoclastic sandstone and massive volcanic rocks ( Fig. 2 ). Both Lower and Upper Carboniferous rocks are coeval with granitoids. Several geochronological studies on the volcanic and granitic rocks provide zircon U-Pb (SHRIMP and LA-ICPMS) ages ranging from 361 Ma to 309 Ma [5, 28] . Geochemical and isotopic studies suggest that the Yili Block was an active continental margin during the Late Devonian to Late Carboniferous [4, 28] .
In the whole Western Chinese Tianshan Belt, Permian terrestrial sandstone and conglomerate unconformably overlie the older rocks ( Fig. 2 ). Lower to Upper Permian bimodal volcanic and plutonic rocks are widespread throughout the Yili Block but form small occurrences ( Fig. 2a ; [17, 26, [29] [30] ). Strike-slip shear faults overprinted the Paleozoic sutures during Permian and underwent multiphase reactivation during the early Mesozoic [18] [19] [20] 31] .
The Tianshan Belt is reactivated again by the Cenozoic intra-continental deformation and subsequently uplifted in response to the India-Asia collision [31] [32] [33] [34] [35] .
In the Yili Block, more than 320 cores of 39 sites are paleomagnetically sampled from 5 localities ( Fig. 2a ; Table 1 ). Ordovician sandstone and pelitic limestone are collected from Axi Accepted in Earth Planetary Science Letter section ( Fig. 2a ). Early to Late Carboniferous red sandstone, volcanoclastic sandstone, basalt and andesite are collected from Zhaosu, Xinyuan and Yuxi areas. In basalt and andesite that are exposed as massive rocks, the bedding (initial horizontal surface)is estimated from the underlying or overlying sedimentary rocks. Late Permian red beds are collected from the Gongliu area. Detailed sampling information may be found in Table 1 . Depending on strata thickness, 6 to 12 cores were drilled from each site with a portable gasoline drill. Each core was orientated by both magnetic and solar compasses, when it was possible. The average of differences between these two azimuths is about 4.0°±3.4°, and this value was used for the orientation corrections to those samples measured only by magnetic compass as well as for the trends of bedding. At least 6 cores were chosen from each site to carry out thermal and/or alternating magnetic field (AF) demagnetization in LMRO and IPGP. About 15 steps have been applied to progressive magnetic remanence cleaning with intervals varying from 20 to 150°C for thermal and 1 to 20 mT for AF demagnetization.
The magnetic remanent directions were isolated by principal component analysis [36] , the Accepted in Earth Planetary Science Letter mean directions are computed by Fisher [37] spherical statistics using paleomagnetic software packages offered by Cogné [38] and PMGSC (version 4.2) by R. Enkin (unpublished) . 
Analysis results

Zhaosu area
Two Carboniferous formations were sampled: Early Carboniferous Akeshake Formation (C 1ak ) exposed in the south and Late Carboniferous Yilishijilike Formation (C 2y ) [39] exposed in the north of the Zhaosu area ( Fig. 2b ; Table 1 ). 
C 1ak Akeshake Formation
Its lithology is composed of red sandstone occasionally bearing andesitic volcanic clasts, and yellow sandstone ( Fig. 2b ; Table 1 The low temperature components up to about 150°C show dispersed directions. Only a reverse polarity has been revealed from the high temperature component isolated from 250-300 to 580°C, indicating that the magnetic remanence in these rocks is mainly carried by magnetite. Table 1 present site-mean directions in geographic (g) and stratigraphic (s) coordinates and an age-mean direction is calculated for this locality: Dg=207.3°, Ig =-57.8°, Accepted in Earth Planetary Science Letter k=10.5, α 95g =29.8° and Ds=180.2°, Is=-40.9°, k=46.9, α 95s =13.6° with n=4 (Table 1 ). Enkin's [40] DC fold test gives a positive answer to this formation with the maximum k value at 74.4% ± 49.7%. 
Figures 5b, 5c and
Xinyuan area
Volcanoclastic sandstone and basalt of the Early Carboniferous Awulale Formation (C 1aw ) [42] were collected from 11 sites in the south of Xinyuan County ( Fig. 2a ). Low-coercivity magnetic minerals are identified as the principal remanent carrier for tuffaceous sandstone and basaltic rocks on the basis of (a) abrupt IRM increase with a total magnetic saturation at about 200 mT (Figs. 3b-1 and 3b-2), (b) Curie temperature point at around 580°C ( Fig. 4c ) and (c) Accepted in Earth Planetary Science Letter narrow wasp-waisted hysteresis loops ( Fig. 6b ). But mixture of low and high coercivity magnetic minerals in rhyolitic sandstone is meanwhile identified by gradually increasing IRM curve ( Fig. 3b-3 ) and wasp-waisted hysteresis loops ( Fig. 6c ).
Five sites of tuffaceous sandstone (Sites 532-536, Table 1 ) show very weak NRM (usually less than 1 mA/m). Demagnetisation on most of samples displays an important viscous component that may be cleaned up to 350°C and close to Present Earth Field (PEF; Fig. 7a ).
After the removal of the magnetic viscosity, most of specimens show random directions due to weak remanent intensity and few specimens show "stable" directions, which are also not far from PEF (Fig. 7b ). So, no mean-site directions could be calculated.
Four sites of basalts (Sites 537 to 540, Table 1) with those of basalt than in geographic ones (Table 1) , a locality-mean has been, therefore, calculated from these 2 sites in stratigraphic coordinates with 4 basalt sites in geographic ones Accepted in Earth Planetary Science Letter (see Discussion for detail explanation; Table 1 , Fig. 7e ). 
Gongliu area
To the southeast of Gongliu County ( Fig. 2a) , an excellent exposure of E-W trending Late Permian red beds with a thickness larger than 2000 m is referred to as Xiaoshansayi Formation (P 2x ) on the basis of plant fossils [43] . Titanium-poor magnetite seems to be the main remanent carrier with minor proportion of hematite according to rapid IRM saturation at about 200 mT (Table 1; Figs. 8e and 8f). The fold test is inconclusive as the variation of bedding is not important enough. 
Yuxi area
Late Carboniferous variable color sandstones are interbedded with andesite flows near the Yuxi pass ( Fig. 2a ). Six sites of andesite and sandstone were collected from the Tuergong Formation (C 2t [44] , Table 1 ). Linear or sub-linear IRM curves show characteristic high coercive minerals ( Fig. 3d ), thermal magnetic experiments identified hematite as the corresponding ones ( Fig. 4e ). Stable high temperature components isolated from magnetic demagnetisation yield a mean direction at: Dg=211.5°, Ig=-36.4°, kg=354.3, α 95g =3.6° and Accepted in Earth Planetary Science Letter Ds=223.1°, Is=-40.8°, ks=350.1, α 95s =3.6° with n=6 (Table 1) .
Axi area
Middle Ordovician pelitic rocks of the Lelengeledaban Formation (O 2l ) [45] are sampled from 8 sites in Axi area ( Fig. 2a ). Magnetite and hematite are suggested to be the main magnetic minerals by IRM studies with a very weak remanent intensity ( Fig. 3e ). Thermal magnetic experiments show an obvious oxidation and an important proportion of magnetite may be formed during the heating (Fig. 4f ). The NRM of pelitic rocks is very heterogeneous and varies from 0.096 to 6.98 mA/m with an average of 0.25 mA/m. No any stable component may be isolated after the removal of viscous magnetization.
Discussion
Except for the samples from the Axi section that yield no reliable magnetic component, laboratory magnetic mineralogical analyses and thermal/AF demagnetisations have successfully isolated two magnetic components, namely viscous and characteristic remanent magnetizations from 4 out of 5 Late Paleozoic sections. The viscous one clearly records the recent geomagnetic field with a negative fold test (Dg=348.4°, Ig=67.1°, kg=15.9, α 95g =3.1° and Ds=350.2°, Is=52.9°, ks=3.3, α 95s =7.9° with n=185 samples). However, the stable titanium-poor magnetite and hematite have been identified as principal magnetic remanent carriers for the characteristic remanent magnetization. The following evidences strengthen our argument that the ChrM can be used for tectonic implications: (1) the positive fold test observed from Zhaosu area; (2) the solo reversed polarity with significantly distinguishable Accepted in Earth Planetary Science Letter mean directions from PEF as well other Mesozoic and Cenozoic ones [46] [47] . However, as mentioned above, this area has experienced multiphase tectonic and magmatic events. Before putting forward their tectonic implications of these new paleomagnetic data, their reliability and magnetic remanence age should be discussed. 
Reliability and magnetic remanence age
In order to acknowledge on the degree of deformation for our paleomagnetic collection, Anisotropy of Magnetic Susceptibility (AMS) measurements were performed. Figure 9 reveals a relatively weak anisotropy degree with P'< 1.05 for most of samples though some from Yuxi and Axi seem to have higher and heterogeneous P' values. This observation indicates that the sampling zones have not suffered severe latter deformation at least at the hand-sample scale. Table 1 shows rock ages of our collection ranging from Early Carboniferous to Late Permian. The exclusive reversal polarity revealed from ChrM seems consistent with the Permo-Carboniferous Reversed Superchron (PCRS), e.g. by [48] . However, as described in the Geological Setting section, some Late Carboniferous volcanic rocks overlie the Lower Carboniferous sedimentary rocks and, the folding is younger that the volcanism. Furthermore, Carboniferous-Permian granitic plutons are often found near the sampling sites, thus we cannot simply conclude that the remanence isolated from ChrM is primary or calculate age-mean directions and corresponding paleomagnetic poles.
For the Late Permian rocks of Gongliu area, their age is well constrained by abundant plant fossils and they are unconformably overlain well dated Early Permian volcanic rocks. Though the statistic precision parameter (k) slightly decreases, the fold test is not conclusive due to weak bedding variation. Thus, the solo reversed polarity from about 300m-thick section may indicate that the magnetic remanence has been acquired before ~250 Ma (the upper limit of PCRS), i.e. similar to the Late Permian rock age. Thus, a paleomagnetic pole has been calculated for P 2 period: λ=79.7°N, φ=172.0°E, A 95 =11.3° with n=5 ( Table 2) .
Four sites from the Early Carboniferous Akeshake formation (C 1ak ) show also only one reversed polarity with a positive fold test. If the paleomagnetic collection is representative for this geological period, the normal polarity should be identified by demagnetisation since the C 1 and C 2 limit is close to the lower limit of PCRS (~325 Ma). Geologically, Early Permian intra-continental volcaniclastic rocks [17, 26, 30] Figs. 7e and 7f) , indicating latter overprint instead of primary magnetization for these Early Carboniferous samples. Due to the high occurrence of volcanic rocks dated at 313±4 Ma [28] and granites at 315±3 and 309±3 Ma in the sampling area [5] (Fig. 2a) , it is reasonable to propose a Late Carboniferous (~310 Ma) age for the thermal remagnetization. Concerning the two rhyolitic sandstone sites (Sites 541-542), although the reversal polarity is identified in both coordinates, their directions in stratigraphic coordinates seem more consistent with either the in-situ directions of 4 volcanic sites or the locality-mean direction of Zhaosu area. The age of the rhyolitic sandstone is, in fact, questionable. No any direct age constraint has been documented from this formation although referred to as Early Carboniferous [26, 42] . In the point of view of regional tectonics and stratigraphic correlation, it is clear that the age of the rhyolitic sandstone is younger than that of the basalt dated at 354±5 Ma (zircon U-Pb SHRIMP by Zhu et al. [28] ). Moreover, no any direct contact between these two lithostratigraphic units can be observed in the field, stratigraphic and structural knowledge allows us to exclude a syncline structure and to favour an unconformable contact. According to the above arguments, it is not unreasonable to consider that the rhyolitic sandstone is Late Carboniferous in age. Thus, 4 in-situ paleomagnetic directions of basalts and 2 tilt-corrected directions of rhyolitic sandstones are used to calculate an average direction at:
D=165.3°, I=-36.4°, k=37.7, α 95 =11.0° for the Late Carboniferous magnetization from Xinyuan area (Table 1 ; Fig. 7e ).
Accepted in Earth Planetary Science Letter
As to paleomagnetic results from Yuxi area, 6 Late Carboniferous sites present well grouped reversal directions without fold test due to monoclinal attitude of the bedding ( Table 1) .
The magnetic inclinations from this locality are consistent with those from Zhaosu and Xinyuan areas, but this area shows a significant different declination with respect to other two. As this sampling locality is situated nearby a tectonic zone ( Fig. 2a) , the difference in declination may be explained by a local rotation of the Yuxi sampling zone with respect to the Yili Block.
According to above direction analyses and geologic arguments, a C 2 paleomagnetic pole may be calculated for the Yili Block from Zhaosu and Xinyuan areas: λ=68.6°N, φ=290.6°E, A 95 =6.1° with n=15 ( Table 2 ). 
Comparisons of the paleomagnetic data from Yili with other adjacent blocks
Up to now, no paleomagnetic data were documented from the Yili Block, except some data obtained from Carboniferous-Permian rocks in the western Tianshan of Kyrgyzstan [22] [23] 49] .
Most of these data were derived from the deformation belt, e.g. "North Tianshan tectonic zone" located in the extremely northwestern part of the Tianshan Belt (Fig. 1a) . These studied areas cannot be considered as a part of a rigid block, some deflections of declination with respect to the reference blocks (e.g. Tarim and Siberia) may be, therefore, interpreted as the result of strike-slip faulting within the orogenic belt, rather than the representative rotation of a rigid body [23] . In fact, the Yili Block is accepted as a microcontinent with a Precambrian basement [2] [3] [4] [5] 11] , it extends westwards into Kazakhstan with an unclear boundary, and its eastern boundaries are the southern and northern branches of the Tianshan range (Fig. 1) . These boundaries were highly deformed during the Tianshan orogeny, but the interior of the block is Accepted in Earth Planetary Science Letter much less deformed. This agrees well with the good consistency between the C 2 paleomagnetic results from Zhaosu and Xinyuan areas located near to the center of the Yili Block but distant from about 200 km (Figs. 2a, 5f and 7e) . Thus, the paleomagnetic poles derived from these areas are representative for the whole Yili block ( Siberia, respectively (Fig. 10c) . The CCW rotation of the Yili Block keeps the same of 1.5°± 15.6° with Junggar, becomes insignificant of 13.8°± 15.6° with Tarim and remains still important of 38.4°±17.3° with Siberia (Fig. 10c) . Table 2 .
Tectonic implications
According to theabove presented paleomagnetic data analyses, the small observed The good consistency between the paleomagnetic poles from the Yili Block and Junggar may indicate that these two blocks were welded since the Late Carboniferous and they might be paleomagnetically considered as a single block since that time. In another words, if there is any relative motion between them, it should be under the paleomagnetic uncertainty. As described above, the significant polar differences of the Yili Block with respect to Tarim and Siberia Accepted in Earth Planetary Science Letter essentially reveal the CCW rotations of Yili-Junggar related to Tarim and Siberia. These CCW rotations are estimated of 60.0°±10.6° and 70.0°±7.4° since the C 2 period, and of 13.8°±15.6° and 38.4°±17.3° since the P 2 period (Fig. 10) . These observations allow us to estimate the relative rotation from Late Carboniferous to Late Permian by subtracting the relative motion since P 2 from that since C 2 . Consequently, during the C 2 -P 2 interval, the CCW rotation of the Carboniferous, the relative rotations between blocks were accommodated by strike-slip faulting along their boundaries and therefore resulted in lateral displacements. The northern and southern boundaries of the Yili Block correspond to two ductile shear zones (Fig. 1b) . To the north, the North Tianshan Fault (NTF) [5, 29, 65] extends eastward merging in the Main Tianshan Shear Zone (MTSZ) [19] [20] . The kinematics of the ductile shearing along the MTSZ and NTF is dextral [5, [19] [20] (Figs. 1b, 2a and 11a ). To the south, the Nalati Fault (NF) [65] and Qingbulak Fault [2, 10] (QF) extend sub-parallelly to the NTF and MTSZ. The Nalati Fault, also regarded as the Nikolaev Tectonic Line [21] , is the most significant structure. Previous studies proposed a left-lateral slip [12, 17, 23] , but field structural analyses based on kinematic indicators suggest a right-lateral strike-slip faulting [24] [25] (Fig. 11b) . In order to account for the paleomagnetic and structural data, simplified paleogeographic reconstructions of these rotation patterns are proposed in Figure 12a , 12b and 12c at C 2 , P 2 and Present periods, respectively. The quantitative estimation of the lateral displacements corresponding to the Accepted in Earth Planetary Science Letter CCW rotation of Yili-Junggar with respect to Tarim, requires the definition of an Euler pole of relative motion, around which, one crustal block rotates with respect to another along a major fault. In the Tianshan Range, two strike-slip shear zones form an arcuate belt separating Junggar to the north from Tarim to the south (Fig. 12c) . The best fitting small circle passing through this belt allows us to estimate the Euler pole position at about 55°N, 92°E with a radius of about 13° (distance between the pole and the belt; Fig. 12c ). The 46.2°±15.1° CCW rotation of Junggar-Yili with respect to Tarim, therefore, corresponds to a right-lateral displacement of 1160±380 km along these strike-slip faults (Figs. 12a and 12b ). This sum of motion may be explained by two opposite displacements of Yili-Junggar and Tarim along the Tianshan shearing zones from C 2 to P 2 . During this period, Yili-Junggar experienced an eastward movement of 670±320 km, and Tarim went westwards of 360±270 km, with respect to Siberia, respectively ( Figs. 12a and 12b ). It is worth to note that the Central Tianshan located between the Yili Block and Tarim is not involved in our simplified reconstruction.
Similarly, the CCW rotation of Yili-Junggar relative to Siberia is accommodated by a sinistral shearing along the Erqishi ductile shear zone in the Altay Belt (Figs. 1b, 12a, 12b and   12c ). A sinistral kinematics has been widely recognized by structural analyses [17] [18] [19] [20] (Fig.   11c ). On the basis of the curved shape of the shear zone ( Fig. 12) , an Euler pole is estimated at 56°N, 101°E with a radius of about 11° (Fig. 12c ). The 31.6°±15.1° CCW rotation of Junggar-Yili with respect to Siberia observed in this study corresponds to a displacement of 670 ±320 km along the Erqishi Fault during Late Carboniferous to Late Permian (Fig. 12b) , and the remaining 38.4°±17.3° CCW rotation implies a continuous displacement of 820±370 km that occurred in post-Permian tim (Fig. 12b ). This may indicate that Yili-Junggar continued its Accepted in Earth Planetary Science Letter eastward movement together with Tarim after the Permian (Figs. 12b and 12c ). This motion essentially ended up before the Cretaceous because Cretaceous paleomagnetic data from Junggar, Mongolia as well as Siberia do not show significant differences among them [47, 66] .
Ar-Ar geochronological studies on the ductile deformed rocks from shear zones indicate that Tianshan dextral strike-slip faulting took place during 290~240 Ma [19-20, 24, 29] . Erqishi sinistral strike-slip faulting is proposed to occur from 290 Ma to 240 Ma [20] , and continued through Triassic to Early Jurassic [17] . Such large-scale and contemporaneous displacements along the southern right-lateral and northern left-lateral boundaries of Yili-Junggar blocks enable us to suggest an eastward wedging of Yili-Junggar blocks between Tarim and Siberia.
Meanwhile, further paleomagnetic and geological studies on Early Permian of the Yili and
Junggar blocks is needed to better constrain the timing of relative motions as well as the mechanism of such tectonics.
Conclusions
This first paleomagnetic study is performed on sedimentary and volcanic rocks from the 
